. The methanol extract exhibited mutagenic activity in the Salmonella/microsome assay, in strains TA100, TA97a and TA102 and for dichloromethane extract tested in strain TA98.
Eriocaulon ligulatum (VELL.) L. B. SMITH. (the pipewort family, Eriocaulaceae), called "botão-dourado" (golden bud), is exported to Europe, Japan and North America as an ornamental flower, representing an important source of income to the population of Minas Gerais State, Brazil. Scientific research on Eriocaulon is scarce and very little is known about its chemical constituents. The flavonols quercetagetin (8-hydroxyquercetin) and patuletin (6-methoxyquercetin) were identified in the leaves of E. septangulare (common pipewort), E. brownianum, E. nilagirense, E. decangulare, E. sexangulare, E. wightianum. 1) Four flavonoids, including (2S)-3Ј,4Ј-methylenedioxy-5,7-dimethoxyflavan and hispidulin [7-(6-E-p-coumaroyl-b-D-glucopyranoside)], as well as tocopherol, have been identified in the capitulae of E. buergerianum KOERN.
2) Other derived flavones and glycosylated naphthopyranones were isolated from the capitulae of Eriocaulon. 3) Taxonomic studies to delimit the genus, about which there is still some confusion, and the biological investigation into the isolated molecules of Eriocaulaceae are of great importance because several molecules possess antioxidant, 4) cytotoxic, mutagenic, 5, 6) and antiulcerogenic activity. 7, 8) We report here the isolation of taxonomically relevant flavonoids and a naphthopyranone dimer isolated from methanol and dichloromethane extracts from capitulae of E. ligulatum, respectively, and also the mutagenic activity of methanol and dichloromethane extracts assayed using the Ames test.
Results and Discussion
Chromatographic fractionation of the extracts of E. ligulatum afforded the substances presented in Figs. 1-3. When revealed with Natural Product/Polyethylenoglycol Reagent (NP/PEG Reagent), compounds 1-3 showed yellow spots, characteristic of flavonoids. 9) Compounds 1-4 were determined to be 6-methoxyapigenin (3) and eriocauline (4) . Compounds 3 and 4 were identified using spectroscopic methods (IR, UV, HR-ESI-MS and NMR 1-D and 2-D).
Compound 3 was obtained as a pale yellow amorphous solid. The IR spectrum presented bands at 3387 cm Ϫ1 (n O-H ), 1637 cm Ϫ1 (n CϭO ) and 1604 cm Ϫ1 (n CϭC ). The UV spectra showed absorption bands at 240 and 336 nm. The positive HR-ESI-MS mass spectrum gave the pseudomolecular ion [MϩH] ϩ at m/z 687.1561 corresponding to the molecular formula C 32 H 30 O 17 . The adduct with sodium [MϩNa] ϩ appeared at m/z 693.1434 and the adduct with potassium [MϩK] ϩ appeared at m/z 725.2463. The 13 C-NMR and DEPT spectra of 3 showed 32 signals, 6 of which could be assigned to a glucopyranosyl moiety (Table 1) . Sixteen other signals were similar to those of 6-methoxyquercetin.
10) The remaining 7 signals are compatible with a 3,4,5-trihydroxycinnamoyl moiety. 10 O 9 , and the potassium adduct [MϩK] ϩ at m/z 565.2244. The structure of 4 was elucidated also using 1-D and 2-D NMR experiments ( Table 2) The main differences occurred in the chemical shifts of ring C, while the chemical shifts of rings A and B remained almost unchanged. Assignments of the 1 H-and 13 C-NMR data of 4 were based on HMBC, HMQC, and NOESY experiments ( Table 2 ). All these data provided evidence of a In the HMBC spectrum (Fig. 3 , Table 2 ) diagnostic longrange correlations were observed between the proton signal at 12) On the basis of these findings, the linkage between two monomeric units was deduced to be between C10/C10Ј and the structure of the eriocauline 4 was established. The CD and [a] D indicate that compound 4 has atropoisomerism.
Dimeric naphthopyranones were previously isolated from plants pertaining to this family. Planifoline, a dimer with an ethereal bond between two OH groups at position 9, was isolated from Paepalanthus planifolius, 12) whereas a dimer linked through a C-C bond was isolated from P. bromelioides. 13) Chemical constituents have previously proved to be an important taxonomic character in Eriocaulaceae. Naphthopyranones and flavonols are the major compounds of many Paepalanthus species. 14, 15) These classes of secondary metabolites are absent in species belonging to both the Syngonanthus and the Leiothrix genus. Leiothrix produces mainly flavones and xanthones, 16, 17) while Syngonanthus afforded only flavones. [18] [19] [20] From the evolutionary point of view, it is considered that Leiothrix and Syngonanthus may have originated from Paepalanthus, in a more advanced position than Eriocaulon, 21) since the substitution of flavonols with flavones, 3) is a well established condition. 22) Naphthopyranones are a relatively rare class of natural compounds and the presence of this class of compounds in E. ligulatum suggests an approximation between Eriocaulon and Paepalanthus, whereas the presence of the flavones align Eriocaulon in a less advanced sister group relative to the Leiothrix/Syngonanthus clade. Our results reinforce the cladistic analysis method based on morphological and cytological characteristics reported by Giulietti et al. 23) Short-term tests that detect genetic damage can afford the information needed to evaluate the carcinogenic risks of chemicals to humans. The Ames test, recommended for testing the mutagenicity of chemical compounds with potential pharmacological application, was used in the present study. 24, 25) The mutagenic activity data obtained in the Salmonella/ microsome assays are shown in Table 3 , in which it can be seen that the methanol extract was mutagenic to the TA100 (ϩS9), TA97a (ϪS9, ϩS9) and TA102 (ϩS9) strains. With respect to the strains, we can conclude that mutations of the frame-shift type were mainly induced and were detected by TA97a with a mutagenic index (MI) of up to 9.0, besides mutations induced by substitutions of base pairs, which were detected in the strains TA100 and TA102. In these strains, the largest MIs obtained were 2.1 and 3.3 respectively.
Two naphthopyranones, paepalantine-9-O-b-D-glucopyranoside and paepalantine-9-O-b-D-allopyranosyl were identified in the methanol extract of the capitulae and escape of E. ligulatum.
3) Previously, Varanda et al. 26) observed that paepalantine-9-O-b-D-glucopyranoside isolated from Paepalanthus bromelioides was mutagenic in TA97a. There- fore, this naphthopyranone might have contributed to the mutagenic effect observed in the methanol extract of E. ligulatum.
In addition to this, in the methanol extract, there was a prevalence of flavonoids. Flavonoids are known for their beneficial activities with respect to the human health, 27, 28) but several studies have demonstrated that these compounds possess genotoxic activity. [29] [30] [31] The dichloromethane extract only presented mutagenic activity in TA98 (ϪS9) with a maximum MI value of 2.4. In this extract, there is a prevalence of the naphthopyranone. Therefore the increase in revertants provoked by the dichloromethane extract could be due to the presence of eriocauline. Experiments will be carried out to confirm the mutagenic activity of that substance.
Experimental
General Experimental Procedure Structural identification of the compounds using NMR spectra in DMSO-d 6 (compounds 1-4) were obtained using a Varian INOVA 500 operating at 500 MHz for 1 H-NMR and 125 MHz for 13 C-NMR using 1-D and 2-D experiments (inverse detection 1 H-13 C HSQC and HMBC). For compounds 1-4, samples were dissolved in methanol and injected directly into the mass spectrometer through a Rheodyne injector. Acetonitrile was used as the solvent and nitrogen gas was used as the drying gas and for the nebulization. HR-ESI-MS of 3-4 was performed using an ultrOTOF-Q ESI-TOF Mass Spectrometer Bruker Daltonics (Billerica, MA, U.S.A.) instrument. The melting point was measured on a digital MQ APF-301 (Microquímica, Brazil) apparatus. UV spectra were recorded on a HACH UV-Vis DR/4000 spectrophotometer. IR spectra were obtained using a Shimadzu FT-IR 8300 spectrophotometer. Optical rotation: Jasco-P-1020 polarimeter (27°C). Circular dichroism spectra were recorded on a JASCO CD-2095 Plus Chiral Detector.
TLC was performed on 200 mm silica gel (Sorbent Technologies) and visualized using UV light (254, 365 nm).
High Speed Countercurrent Chromatography (HSCCC). Gradient Elutions
The n-butanol fraction was fractionated on an HSCCC apparatus (P.C.Inc.) in four gradients (reverse phase) composed of (A) ethyl acetate-nbutanol-water . The lower aqueous phase was used as the stationary phase. The retention of the stationary phase for this solvent system was 87.7% at 850 rpm.
Analyses of the Compounds by TLC Aliquots of the n-butanol fraction were refractionated and the collected fractions (90 fractions) were analyzed on silica gel TLC with a mobile phase of chloroform-methanol-water (43 : 37 : 20, organic phase, v/v/v). The spots on the TLC plates were observed under a UV lamp (254, 365 nm), and then developed with NP/PEG Reagent. Extraction and Isolation Capitulae of E. ligulatum (300 g) were separated, powdered and successively macerated at room temperature with nhexane (2 l), methylene chloride (2 l) and methanol (2 l), being left for one week in each solvent. The solvents were evaporated under reduced pressure to yield gummy extracts. The yields for the hexane, the dichloromethane and the methanolic extracts from the dried powders of E. ligulatum capitulae were 0.93%, 1.45% and 3.55% respectively.
The methanolic extract (4.0 g) was partitioned three times with a mixture of ethyl acetate-water (1 : 1, v/v). The ethyl acetate fraction was evaporated at 35°C under reduced pressure affording an ethyl acetate fraction of 1.25 g. From the aqueous phase, 2.75 g was obtained.
The aqueous phase (2.75 g) was partitioned with a mixture of n-butanol-water (1 : 1, v/v, repeated 3 times), affording 1.15 g of extract in the resultant n-butanol phase and 1.30 g in the resultant aqueous phase. The n-butanol fraction (450 mg) was subjected to HSCCC. Portions of 5 ml were collected, monitored by TLC [silica gel plates eluted with CHCl 3 -MeOH-H 2 O (43 : 37 : 20, organic phase, v/v/v)] and developed with anisaldehyde/H 2 SO 4 solution and NP/PEG Reagent. 9) From the HSCCC experiment, we were able to isolate flavonoids (1-3) which exhibited an increase in the mobile phase. C-NMR analyses see Table 2 .
Salmonella Mutagenicity Assay. Chemicals Dimethylsulfoxide (DMSO), nicotinamide adenine dinucleotide phosphate sodium salt (NADP), D-glucose-6-phospate disodium salt, L-histidine monohydrate, and D-biotin were purchased from Sigma Chemical Co. (St. Louis, MO, U.S.A.).
Standard Mutagens: Sodium azide (AZ, NaN 3 ), 2-anthramine (2-AA), mitomycin (MC), and 4-nitro-O-phenylenediamine (NPD) were also obtained from Sigma. Oxoid Nutrient Broth N°2 (Oxoid, England) and Difco Bacto Agar (Difco, U.S.A.) were used for the preparation of bacterial growth media. All other reagents used to prepare buffers and media were from Merck (Whitehouse Station, NJ, U.S.A.) and Sigma.
Experimental Procedure The Salmonella mutagenicity assay was performed with S. typhimurium strains TA100, TA98, TA97a and TA102, preincubated for 20-30 min with the test substance, with and without metabolic activation.
32) The S9-mix was freshly prepared before each test using an Aroclor-1254-induced rat liver fraction purchased (lyophilized) from Moltox (Molecular Toxicology Inc.). S. typhimurium strains were kindly provided by Dr. B. Ames, University of California, (Berkeley, CA, U.S.A.).
The selected concentrations of the extracts and the experimental procedure were performed in accordance with our previous studies. 5, 26, 29, 33) The standard mutagens used as positive controls in experiments without S9-mix were 4-nitro-O-phenylenediamine (10 mg/plate) for TA98 and TA97a, sodium azide (1.25 mg/plate) for TA100 and mitomycin (0.5 mg/plate) for TA102. In tests with metabolic activation, 2-anthramine (0.125 mg/plate) was used for all strains. DMSO (100 ml/plate) served as the negative (solvent) control.
The statistical analysis was performed with the Salanal computer program, adopting the Bernstein model. 34) The mutagenic index (MI), defined as the average number of revertants per plate divided by the average number of revertants per plate in the negative (solvent), was calculated for each dose. A sample was considered positive when the mutagenic index was equal to or greater than 2 for at least one of the tested doses and also if it had a reproducible dose-response curve. 34) 
